In addition to the DWBC and the NBC, the mean circulation in this region is complicated by the presence of zonal countercurrents and other western boundary currents. These currents may also have a role in regional and global climate. For example, in the Pacific, Gu and Philander [1997] Superimposed on these mean features, large spatial and temporal variability over the entire water column adds to the complexity of the area. For example, temporal variability on a seasonal timescale is also significant in this region. During the summer/fall season when the Intertropical Convergence Zone (ITCZ) is at its northern extreme and the NECC is at maximum strength [Garzoli, 1992] , Richardson and Reverdin [1987] and Philander and Pacanowski [1986] found that the entire NBC separated from the coast and retroflected eastward. Recent direct velocity measurements made during the summer season by Wilson et al. [1994] and subsurface float trajectories shown by Richardson et al. [1994] also suggest complete retroflection, although neither study adequately resolves the flow closet to the coast. However, in contrast to these observations, both Csanady [1985] in an empirical modeling study and Schott and Boning [1991] in a numerical modeling study found that during the summer/fall season, only a portion of the NBC transport retroflected, with the remainder continuing northwestward along the coast.
In the winter/spring season, when the ITCZ is at its southern extreme and the NECC is at minimum strength [Garzoli, 1992] , both model estimates [Philander and Pacanowski, 1986] and surface drifter studies [Richardson and Reverdin, 1987] agree in suggesting that the NBC may flow continuously northwestward along the South American coastline to the Caribbean Sea. From a cruise carried out in March 1994, Schott et al. [1995] suggested that much of the NBC was flowing continuously along the boundary at that time. Similar northwestward flows beyond the retroflection region have been reported by Johns et al. [1990] , Schott and Boning [1991] , and Schott et al. [1993] .
Determining the continuity of coastal flows in this region in the absence of extensive synoptic surveys is made difficult by the presence of rings that have separated from the NBC as it retroflects from the coast [Cochrane et 
Data
The data used in this study were collected in 1989, 1990, and 1991 in the region bounded by the equator and 15øN, between 40øW and 70øW. Track lines and hydrographic station locations for the six cruises considered herein are shown in Figure 2 . Dates of each cruise and types of data collected are summarized in Table 1 . The timing of the cruises was dictated primarily by vessel availability rather than by scientific considerations.
Conductivity-Temperature-Depth-Oxygen Data
Pressure, temperature, salinity (expressed as Practical Salinity Scale 1978), and dissolved oxygen measurements were collected with a Neil Brown Instruments Mark III CTDO2 system at station locations indicated in Figure 2 . The conductivitytemperature-depth (CTD) pressure, temperature, conductivity, and oxygen sensors were calibrated in the laboratory before and after each cruise. Water samples collected concurrently with the CTDO2 data were used to provide additional calibration for the conductivity and oxygen sensors. A description of the CTDO2 unit, data reduction techniques, accuracies, and water sample analyses have been described by Wilburn et Figure 2 for station locations), as ADCP data were not available for that particular cruise. Systematic measurement errors are due to uncertainties in the different parameters used to determine the position of the Pegasus, which is acoustically tracked by two transponders placed on the ocean floor [Leaman and l/ertes, 1983] . Errors are also due to internal waves, which cause differences between the descending and ascending profiles [Send, 1994] . These uncertainties are of the same order as the systematic measurement errors. Total errors rarely exceed 10% of the velocity magnitude in the upper layers, decreasing to 5% with depth [Leaman et al., 1987; Send, 1994 
Transport Calculations
The ADCP data and Pegasus measurements are used to estimate the transports within two density layers defined in section 3. As the ADCP data provided better time and space resolution over the upper several hundred meters of the water column, we used Pegasus measurements only for the January is the high evaporation region of the subtropics to the north of the study area. These waters are then advected southward and westward within the subtropical anticyclonic gyre [Worthington, 1976] . The second water mass described by W94, the South Atlantic counterpart of the SUW, also exhibits high salinity values above the thermocline in its source region but has lower salinity values than the northern SUW by the time it has reached the study region. Regionally, southern SUW has the highest oxygen concentrations over the entire upper ocean water column.
A third water mass commonly found in the study area has its source in the eastern tropical Atlantic [Emery and Dewar, 1982] . This water mass is carried into the western tropical Atlantic by the southern edge of the NEC and the northern edge of the South Equatorial Current (SEC). Eastern tropical Atlantic water (ETW) has markedly lower salinity above the thermocline than the northern SUW, similar in magnitude to the southern SUW in the study area, but is easily distinguished by its very low oxygen concentration. Having defined the three water masses by their salinityoxygen correlation on the 26.25 density surface, it is possible to go back to the full water column properties and compute average temperature-salinity and temperature-oxygen curves for each designated water mass ( Figure 5 ). The water mass differentiation can be seen to apply over a large portion of the upper water column, at all densities greater than about 25.0 (temperatures <24øC), down to at least a density of 27.0 (about 12øC). Thus the water mass designations extend over a larger portion of the water column than only at the 26.25 isopycnal surface and can be used to differentiate water masses in the entire cr o = 24.5 to 26.75 portion of the water column.
We will consider a fourth water mass in our discussions of the lower layer. As described above, Figure 4 includes S-0 2 points that represent a mixture of ETW and southern hemisphere water. This mixture of water masses will serve as the fourth component of the regional hydrography.
In the surface layer of the region (i.e., surface to cr o = 24.5), water mass sources are difficult to discern from only CTDO 2 measured parameters. In particular, the average O-S and 0-0 2 curves all coalesce above about 25øC ( Figure 5 ). Close to the air-sea interface, the influence of local river discharges (e.g., the Amazon), evaporation and precipitation, and surface temperature effects on oxygen saturation concentrations all con- tribute to the complicated near-surface water mass distribution. As a first approximation therefore, properties close to the o-0 -24.5 surface are assumed to be representative of the entire upper water column. We recognize the weaknesses in this approach, such as including transport of 20-m-thick Amazon water lenses in a pure water mass transport estimate, but wish to retain a manageable number of water mass types.
Results

Horizontal Fields of Currents
The major currents of the region can be examined by means of plan-view maps of velocity vectors averaged over the two density layers. The horizontal current fields as measured using the shipboard ADCP for five cruises and the Pegasus velocity profiler for the January 1990 cruise are shown for the two density layers in Figures 6 and 7 , with the water mass symbols as defined on the o-0 = 26.25 isopycnal surface in Figure 4 given at each CTDO2 station.
As in previous studies, the current fields portray a spatially complex mix of intense boundary currents, retrofiections, zonal currents, and rings. Currents are most intense in the surface layer (Figures 6 and 7) . As will be differentiated in the next section, the NBC in the upper and the NBUC in the lower layer advect southern hemisphere water into the study area. In both layers the northwestward extension of the southern hemisphere waters varies and is bounded by an anticyclonic turning of the boundary current (i.e., the retrofiection of the NBC).
During all cruises the retrofiection feeds eastward flows across 44øW (Figures 6 and 7) . In the upper layer the NBC feeds the NECC. During the three summer and one spring cruise the NECC is composed of southern, mixed, and eastern origin water masses and is located between 2øN and 6øN. During the two winter cruises the NECC is composed of mixed and eastern origin water masses and is observed north of 6øN. In the lower layer the NBUC feeds the NEUC. The NEUC is located between 2øN and 6øN and, similarly to the NECC, is also fed by waters from both hemispheres.
To the north of the NBC/NECC retrofiection system the NEC is present as a relatively broad westward flow in both layers with weaker maximum speeds than observed farther to the south in the NBC/NECC system (Figures 6 and 7) . The •Northern boundary of current was not crossed. 300 to 400 km along the transect indicate that the NEUC is nevertheless still present during these cruises. To the north of the NECC/NEUC countercurrents along 44øW, there is commonly westward flow associated with the southern edge of the NEC (Figure 8 ). The NEC is most clearly evident in the summer/fall cruises when the NECC is farthest south.
Current Transports at 44øW
Current transports have been computed based on the isopycnal layers, with the upper layer NBC and NECC defined as being located above the 24.5 isopycnal and the lower layer NBUC and NEUC defined as being between the 24.5 and 26.75 isopycnal surfaces. There is, of course, some overlap between the actual observed current fields and the isopycnal depths, but, for the most part, the current cores are located between these surfaces. For purposes of the transport computations the currents have been delineated in the horizontal, along-transect direction by where the perpendicular velocity component changes sign, i.e., where the integrated transport within each density layer reaches a maximum or minimum.
Transports for the NBC and NBUC are listed in Table 2 . The mean transport of the NBC for the six cruises is 12.2 +__ 1.6 Sv, and the mean NBUC transport is 9.9 +_ 4.3 Sv, for a total combined mean northwestward cross-equatorial inflow of 22.1 _+ 4.5 Sv for the two density layers. We note that in all cruises, westward flows of some 10-40 cm s -• are still observed at the 26.75 •r o level. Thus the observed NBC/NBUC transports are likely to be somewhat underestimated.
As listed in Table 2 , there does appear to be some seasonality to the transports of the NBC and the NBUC. For the four spring/summer cruises (i.e., August 1989, September 1990, June 1991, and September 1991) the mean NBC transport is 13.0 _+ 1.3 Sv, as opposed to 10.6 +_ 0.6 Sv for the two winter cruises (January 1990 and January 1991). Similarly, the spring/ summer NBUC transport is 10.6 +_ 5.0 Sv as opposed to 8.7 +_ 4.0 Sv for the winter cruises. Averaging the four spring/summer total transports gives a somewhat larger flow (23.6 +_ 4.4 Sv) than the average of the two January transports (19.1 +_ 4.2 Sv).
Transports for the eastward counterflows, the NECC and NEUC, are also given in Table 2 . The mean NECC transport across 44øW is 14.6 +_ 6.5 Sv, and the mean NEUC transport is 15.3 +_ 4.2 Sv. The four spring/summer NECC transports are very similar in magnitude, with a mean of 18.5 +_ 1.6 Sv. The winter mean NECC transport is 6.9 _+ 4.7'Sv, but this is also likely an underestimate, as the NECC was displaced northward during the January cruises and the section did not cross the entire eastward flow. Thus we cannot speak of seasonality of NECC transport from these data. The mean spring/summer NEUC transport is 15.5 _+ 5.2 Sv, and the mean NEUC transport of the two winter cruises is 15.0 + 2.9 Sv.
The combined eastward transports of the NECC and NEUC, with a mean of 30.0 ___ 7.3 Sv, are almost always greater than the total alongshore NBC and NBUC boundary transport (22.1 _+ 4.5 Sv), which is their primary source (Table 3) . The mean transport "deficit" of the NECC/NEUC, i.e., that part of their transport that is not supplied by the NBC/NBUC, is therefore 7.9 Sv. The transport differences between the NBC/ NBUC and the NECC/NEUC sums range from -1.6 Sv during January 1990 to 12.2 Sv during September 1990.
One cause for this transport deficit may be missed NBC/ NBUC transport along the shelf, shoreward of the 200-m isobath. However, estimates of this flow [Johns e! al., 1998 ] are only 2 to 3 Sv. Thus, with either partial or total retroflection of the NBC/NBUC, the larger observed differences from the present study suggest the addition of northern origin waters retroflecting cyclonically from the NEC to achieve the total transport of the NECC and NEUC zonal flows. This was also noted by W94 for the August 1989 cruise. The presence of ETW along the northern edges of the 44øW section supports this conclusion.
NBC Rings
Fratantoni et al. [1995] describe the temporal evolution of a NBC ring. This evolution is characterized by an intrusion of the NBC retroflection northwestward along the coastline, with a large meander subsequently developing on the offshore side of the retroflection. Eventually, the ring separates and drifts northwestward toward the Caribbean Sea. Although we have no continuous record of such a ring, the six cruises available nevertheless provide some observational insight into the evo- Richardson et al. [1994] describe the trajectory of a satellitetracked surface drifter that was deployed into the central region of the retroflection. The exact separation time of the associated ring can only be specified to sometime during November to December 1990. Assuming that the drifter remained within the ring, as suggested by its looping motion, the ring was 44øW section; they represent subjectively drawn averages of the observations elsewhere due to the synopticity concerns described earlier. The schematics were also constructed to have all the boundary transport retroflect into the NECC and NEUC (Figures 10 and 11 ). This total retroflection is based on the absence of any southern origin water north of the retroflection, except within the closed eddies observed during August 1989, January 1990, and January 1991 (Figures 6 and 7) . The January 1991 case is ambiguous, in that it is difficult to discern from the currents the exact stage of eddy separation (Figures 6  and 7) . On the basis of water mass properties, we assume nearly complete separation of both levels (Figures 10 and 11) . 5. The difference in transport between the NBC/NBUC and NECC/NEUC systems is provided by a portion of the NEC that retroflects at the boundary. This combining of southern hemisphere and northern hemisphere water masses provides a mechanism for forming water masses with different characteristics and is indicative of the role of the study region as a "blender" of northern and southern origin waters.
